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This report describes a low notee frequency converter for 
1296 mce/s to 393 mc/s IF nsing a sinsle inexpensive Hewlett-Packard 
"hot carrier" diode based on a design by R. E, Fisher, W2CGH #, 

The ciresit is narrow band and uses single pole interdigital 
resonators for reperation of sirmnal and iccal oxcillator voltages 

to insure SSP performance. This design differs fron that of Ficher'ts 
by substituting ed justable Capacitive coupling at the simel enc 

L.O. inputs instead of the fixed inductive coupling. The local 
oscillator power source fs not included in tlie Gestnn, 

This rerort is intended Tor those experimenters wio would like 
moré information end variation on an excellent converter design. 
All ere urged to consult the reference, 

The converter to be deseribed in thie report is shown 
echeyaticelly below. 


Signal Local Oscilletor 
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The Wr impedance metching network at the mixer output ( C,, Co and L) 
should be located at the mixer. Unlike the Fisher design, the IF 
Output impedance for minimum NF was found to be about 20) ohms at 
the diode and the IF preamplifier is separated fron the mixer et 
a 50 ohm interface impedance level. The impedence trar.seformer 
which includes the 25 pf feecthru by pass capacitor es part of the 
network has oan impedance rstio of about 43l and is not critical. 

The working IF may be moved to 28 me/s for convenience but 
Should not be moved much below this frequency because of the 
selectivity of the r-f resonators, When this circuit is optimized 
for best SSB low noise performance the image rejection is about 
16 to 20 db end the L.O. sipnal is rejected at the signal port by 
& similer amount. If these rejection levels are objectionable or 
there is evidence of strong interefcrence at the image Prequency 
( 69 me/s below the signal frequency in this cese) an interdicital 
filter of the trpe described by Fisher «# may be connected to the 
siencl port. Keep in sind that the L.O. end image frequencies 

should be in the stop band of the filter, 

The L.O. level must be sufficient to orive the rectified 
¢iode current to about h ma for optimun performance. This is 
critical but must be over 1 ma for satisfactory performance. Tne 
L.O. level mey be adjusted by means of the capecitive coupling. 
This coupling should be measurably lese ther at the signal port 
to assure a higher-Q in the L.O. resonator which results in little 
Signal energy loss in the L.O. circuitry. fer this reason, the 
aveileble L.C. power should be et least 5 mw, The diode dec return 
path, r-f choke and weter should have low resistance. If the neter 
is renoved a strap should replece it. 

The r-f resonators enc diode coupling conctruction are exactly 
as in the Pisher cesimn which essentially limits the resonetor 
maximum loadec Q@, This design assumes that the pumped diode r-f 
impedence is nearly 59 ohms, an eassiiption which is very reasoneble 
judging by the mixer circuit performance. 


Construction 

etails and dimensions of the mixer circuit construction are 
shown by Figure 1. The broad wells of the enclosure nay be made of 
1/16 inch sheet brass or copper. Copper clad printed circuit board 
is elso ecceptuble. "he resonetors ere made from 3/8 inch C.D. 
hard ¢rawn copper tube while the coupling post is a brass rod 1/2 
inch 0.D, ( outside diameter - not critical) and tapered as shown 
to minimize stray capacitence where the diode is connected, The 
Broundec ends of the resonators end coupling post may be boited 
securely as shown or alternatively soldered ccrefully in place. 
Experience has indicated that the highest @ for these resonators 
is obtained by carefully mating the resonator to the brass bar 
before drawing tight or soldering. Soldering is not required if 
the inside chanfered ede shown in the detail on Pigure 1 is used. 

The adjustable coupling capecitors are snall metal discs ; 
which pess through the mounting hole of the LHC jack and are soldered 
to the fach pin. Capacitor adjustment is by means of the threaded 
barrel of the UG 625 B/U jeck in the 3/8-32 tapped hole. 

Resonator tuning is py means of the strip tab soldered to the 
broad wall and pressed toward the resonator by the insulated SCrEWe 
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Mnlike the Pisher desip¢n, the nerrow sides of the resonator 
enclosure must be covered to prevent leakeze radisetion. Strips of 
P.C. board may be secured to the brass bars on either side (not. 
shown by drawinys). The corners need not be electrically tirht 
since resonator field current is alony the axial direction and no 
leakage will occur through the axial slits, 

Mounting of the diode which is physically small and hes wire 
leads is detailed by Figure 2, Two methods of ref bypass are shorn, 
The diode wire lead is first soldered into the bypaes plate or button 
capacitor with zero lead length. Do this quickly with a fairly hot 
small tipped iron so as not to damare the diode. Diode polarity is 
not important to the operation of this circuit. After the bypass 
capacitor is secured in its mounting place, the other end of tue diode 
may be tack soldered to the soft thin copper tab at the end of the 
coupling post. This copper tab provides not only a low inductive 
connection to the diode hut also 4 very importent soft mechanicel 
mount to prevent etrain ang diode brestere. Tt vould Le wise to 

soicer tie Ctode in et the very last, 

Capacitor Co nev be a small ceramic trimmer in order to 
optimise the nateh, 

Tf it is destrable to include tie IF preamp with the mixer 
as in the Fisher design, the Space occupied by the metchine netvork 
may be expanced to include the preamp. A single W network matchins 
239 to ebout 1599 ohms will now be required, * 

As in all UMP construction care, Cleanliness and food scurfece 
jeints are essential to success. Since the brass bars end sidewalls 
Bre part of the resonator construction it ts recommended that the 
ters te lepped cleen and flat on ell surfaces especially the nerrow 
sices which join to the broad walle, Laprines is conveniently done 
by teping ea sheet of mediun fine enory cloth or fine sancpaper to 
& Dlet sarlece, The brass bars may be henc held vetween square 
wooden blocks for eccursey snd then rubued t=. ep Pignre '6! pattern 
until the entire surface has been worn down evenly. The broad wall 
material should also be checked for flatness especially where the 
bress bars are joined. All drilling burrs must be removed to insure 
food joints. 

One of the broad wall plates mar be perisnently soldered to 
the bars the other siould be renovable. 


Tune-lp 


Initially a suitable local oscillator source should be connected 
to the L.O. port and the L.O. resonator tuned for resonance as 
indicated by naximum rectified diode current. Then adjust the coupling 
for about lL ma of diode current and trim the resonator tuning. 

Next a suitable IF preamplifier and linear noise measuring 
receiver are connected to the IF output. If automatic noise measuring 
equipment is availeble the tune-up consists of first resonating the 
Signal ectrenit for maxim response at 1296 mc/s an. tren making small 
adjustments of input coupling and IF output tuning (C2) for minimun NF, 
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} Without antomatic measuring gear, the procedure is essentially 
the same but more tedious since the noise source must be turned 
ON and OFF after each adjustment. It 4s not necessary to have a 
calibrated noise source for the tune-up, just a stable one. The 
object is to adjust for maximum difference in receiver output noise 
from ON to OFF of the noise source, 
If no measuring gear is available, set the coupling capac‘ttor 
Gaps as per the dimensions in Figure 1 and adjust the signal resonator 
at 1296 mc/s using a weak signal from your exciter or from a nearby 
' station on 1296 mc/s. The use or on-theeair testing signals should 
be used as a last resort since the uncertainty of signal level over 
& period of time may be considerable. 
It is recommended that a 50 ohm 10 db pad be connected to 
the converter input during initial Signal tune-up adjustments to 
insure that the simal source impedance is close to 5) ohms. Do not 
use .@ pad for noise measurements but do xnow the noise source 
impedance, which should be near 50 ohms, 
If this converter is to be used directly with an antenna 
whose feedline is not well matched or of unknown match, some trimming 
of the signal loading and tuning may be required. Similarly with 
See anplifier of unknown output impedance trimming will be required. 
ome eory 


Conversion of radio frequencies is accomplished by mixing two 
or more signals in a non-linear circuit element. A receiving down 
converter usually emplovs a non-linear resistive element ( a seni- 
conductor diode) which translates a high rf signal down to some lower 
frequency called the intermediate frequency, IF. To accomplish the 
frequency translation it is necessary to introduce a second RF signal 
(local oscillator) above or below the signal frequency by an amount 
equal to the IF, Ideally the non linear element should behave as a 
lossless switch driven by the L.O. Signal. In practice diodes used 
in UEF mixers can approach ideal characteristics when driven with 
sufficient power at the L.O. freq ueticy and used in an appropriate 
circuit. 

In a receiving down conterter the frequency translation fron 
RF to IF should be acconplished with good efficiency (low conversion 
loss) and the mixing element should introduce a minimum of extra 
noise. Miners designed around good quality Schottky barrier (‘hot 
carrier!) type diodes can be characterized by a noise factor equal 
to the noise factor of the IF amplifier, Fop, multiplied by the conversion: 
loss, L, expressed as a number greater than 17 ‘ 


Fhixer = Fyre L 
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It is evident that the overall NF may be decreased by using as 
low an IF noise figure as possible and or reducing the conversion 
loss. A practical limit on the IF noise figure is about 1 db in the 
HF and VHF region using bipolar transistors, Lower IF noise figures 
Can be achieved but with considerable more difficulty. Current FETs 
and MOSFETs are around 1.5 db noise: figure in the same region, 

Conversion loss can be considered separately. Ina mixer the 
local oscillator power level_must be much greater than the signal 
level in order to affect an_efficient linear amplitude conversion. 
Unfortunately the large local oscillator level impressed on a non- 
linear element produces harmonics of the local oscillator frequency. 
In addition energy converted from the signal frequency to the IF 
will modulate the local oscillator and its harmonics and appear as 
sidebands on either side of the L.O. and its harmonics. The sideband 
associated with the L.O. fundamental is called the image frequency. 


A spectral diagram of frequencies which appear across the diode 
terminals is shown below. 
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It is intuitively obvious that if energy is dissipated at all the 
sidebands, less will be available at the IF. It is therefore 
Gesirable to reactively terminate all sidebands except the sifnal 
frequency and the IF, A rigorous analysis indicates that the image 
frequency, f,, is most important and should be terminated by an 
open circuit effectively across the diode terminals. This process 
is sometimes referred to as image enhancement or image recovery in 
a mixer circuit. 

Next in importance are the sidebands on either side of the 
second harmonic of the local oscillator frequency, 2f, +f Fe 
Although it is desirable to open circuit these sidebands, if is 
an impractical circuit problem and therefore more expedient to 

Suppress the second harmonic of the local oscillator-.by means of 

a short circuit effectively across the diode terminals at ef ye 
Treatment of higher harmonics depends on the diode quality in 
generating higher harmonics. In general en open circuit at the 

image frequency and a short circuit at 2f accounts for most of 

the available improvement in conversion loss. Little improvement 
will be achieved by treating higher harmonics of the local oscillator. 

Diode quality can be described in terms of the ratio of its 
cut-off frequency to the operating frequency. The cut-off frequency 
is defined in the usual way 


f.. = 1 
co 2 Wr, C; , 
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Where r, is the bulk spreading resistance of the diode and C; is 

the average junction capacitance under full local oscillator“drive, 

In general Cs will be very nearly equal to the small signal junction 
capacitance at gero bias, a value usually available from the 
manufacturers specifications. A value for r is also usually 
specified, Both can be measured with proper equipment. 

Analysis of the minimum conversion loss of a Schottky barrier diode 
mixer, neglecting circuit losses indicates that for a ratio of f o/ f., 
of 20, L is 3 db. And for a ratio of 100, Lain is 1.5 db. 

In pract¥da these minima cannot be achieved and measurement data 
indicates that corresponding values for L should be increased by 1 db, 
In addition, the spreading resistance, ry,» Should be as low as 
possible. If two diodes have nearly the same cut-off frequency, 

the one with the lower r, will give slightly better performance, 


An additional factor woich must be considered is the series 
résonance of the diode junction capacitance end the inevitable 
inductance which takes the form of a contact wire or strep. This 
strap is alsorequired to take up thermal stresses and is tnerefore 
usually folded or bent which increases its inductence, The equivalent 
citcuit of a Schottky barrier diode of tue wire lead glass encapsuleted 
type is shown below, 


C is the package capacitance which is resonated at the image 
freque€ncy to open circuit the diode terminals. L is the package 
inductance described above and does not include the wire leads of 
the diode. The equivalent circuit shown above is contained within 
a very tiny volume at the center of the Blass bead which supports 
the wire leads. The series resonance considered here is for the 
circuit elements L. and c,, If this series resonance is near or 
on the second harnbnic of Jthe local oscillator all efforts: to short 
circuit the diode will not reduce the second harmonic sideband losser:. 
It ft: therefore a further requirenent of the diode thet its neturel 
vseries resonance be well above the second harmonic of the local oscillator. 
Typically for the Hewlett Packard class bead diodes, L, is about 


2x 1077 henries and C under drive conditions will be about 1 to 1.2 
% 197-12 farads, Series resonance will therefore lie in the rerion 
around hk Ge which is adequate for 1256 mc/s operation but is marginel 
for 233) mce/s operation. For this particular encaprulation it is 
thereford sugrested that diodes with mininun C be chosen in order to 
increase series resonance above the local oscidiator second kermonic. 
A better approech is to uege a differert:- diode encansulation more 
suitatle for hicher frequency operation, such as tre beam lead trpe. 
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Armed with these theoretical requirements it is instructive 
to analyze the mixer circuit designed by hk. E. Fisher. The 
interdigital resonators are single pole narrow band filters tuned 
to the sipnal and local oscillator frequencies. The central rod 
is an inductively coupled non-resonant line terminated by the diode, 
The RF impedance of the diode is epproximately 503 ohms at either 
signal or LO frequencies. At frequencies other than f. and fy, the 
central rod can be considered as an isolated unterminated section of 
line whose characteristic impedance is about 50 ohms. 
At f. the rod is approximately a quarter wavelength long 
and togethPRSSith the case capacitance of the diode a parallel 
resonance is affected across the diode terminals. This is more 
nearly valid when the image frequency is below the local oscilletor 
frequency, as shown by the spectral diacran. ( It is of course 
porsible to operate a mixer with the image end signal frequencies 
reversed in desinnation.) The Q of this image resonance is very 
low because the RF resistance of the diode is in shunt with the 
circuit impedence. It is therefore unnecessery to obtain exact 
parallel resonance, only in so far as the peralilel resonant 
impedance is at least ten times the diode RF resistance of about 50 ohms 
This condition is relatively easy to realize without exact knowledge 
of the resonant frequency of the rod plus diode case capacitance, 
Furthernore, the lenrth of the central rod is very nearly a 
halfwave at the second harmonic frequency of the local oscillator. 
Since the end of the rod opposite the diode is prounded, the halfwave 
_resonurnce presents an effective short circuit across the eiode 
terminals et 2f,. This resonance although relatively critical in 
tuning so that an impedence much lower than 50 ohms is effected 
et the diode, is of lesser importance in terme of improving the 
conversion loss of the mixer circuit. 
It is evident therefore that the interdigital mixer design 
of Fisher fullfills the primary circuit requirements for low 
conversion loss. In a quantitative accounting using an H.P. 5082- 
2835 diode which hes a cut-off frequency of about 20 Ge the optimized 
noisefigure of the mixer plus 1.5 db IF was 5.5 db. Which indicates 
&@ conversion loss of h.0 db which is epproximately 9.5 db higher 
than the theoretical lower limit of 3.5 db for the ratio of 20Gc/1.3Ge. 
A remerkable accomplishment for so simple ea circuit!!! 
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